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J. Phys. France 51 (1990) Sintered materials play a more and more important role in everyday life (ceramics, glasses, optical fibers, powders...) and are now being extensively studied. Part of their physical properties depend on their geometry, a good tool for investigation seems to be stereology [1] ] combined with image analysis [2] : some metric parameters such as porosity are directly derived from the quantitative analysis of planar sections. With complementary assumptions about the structure, we can obtain other 3D parameters such as the mean size of the cavities or coordination number. They are related to physical properties [3, 4] in a semi phenomenological way. For example, conductivity in the pore space is proportional to the area of the throats [5] . Along the same line of thought, if we pack compressible or deformable grains we need to know the variation of the coordination number to understand the variation ôf the mechanical properties of the packing. Jernot [3] 6 and 7 correspond to the number of actual contacts, the upper limit 13.4 established by Dodds [8] [10] . Second, the inversion problem to link 1 D and 3D statistics paradoxically turns out to be much simpler than the 2D-3D process which involves a non-algebraic relation between the number of contacts per unit volume and the slope of the cumulative distribution of w at the origin.
In our previous article [13] , we have extended and given a first application of the stereological study of E. Gardner [12] This result is the starting point for the study of models for sintered grains, which we consider from now on. This section is divided in 2 parts : we first present the model ( § 2.1), then we derive the distribution function from a biparticle approach ( § 2.2). Finally these studies will be compared to results on numerical packings ( § 3).
2.1 THE MODEL. -The model is that usually described in the literature [2, 5] . We start from an assembly of monosize spheres and contract the intercentre distance by a factor (1 -11) , the radius R being kept constant. Spheres which were initially at a distance r, are now at a distance r ( 1 -q ) apart, and, if r ( 1 -q ) «--2 R, they overlap (Fig. la) . Grains are now truncated spheres, and the limit area between two overlapping spheres is called the neck. Several necks may interfere if the sintering ratio q is large enough. In the present paper, we shall avoid this possibility by restricting to -q -11max = 1 --J3/2 = 0.134. The limit configuration for this to happen is represented in Fig. 1 b. In this case, z(,q), nc(,q) and n, (,q ) denote the number of necks per grain, the number of necks per unit volume and the number of grains per unit volume respectively. All three parameters increase with 11, but relation (2) still holds.
We come now to the 1 D cuts. There are some differences with packings of touching spheres, as intercepts may be of several types. In figure 2 , the 4 kinds of intercepts in a system (Fig. 2e) . Besides, two or more necks may intersect (Fig. 1 b) but this will not appear here because of the above restriction on 7y.
The difficulty as to the analysis of the nature of the intercept is overcome by considering separators as they arise only from configurations 2a-2b. The function of interest is the number of separators smaller than w per unit line, say N L (CI)). As in (Ref. [13] ), it will be convenient to introduce again the distribution function N l (CI) ) of the separators for overlapping spheres (the so-called « true » separators). Of course, N L * (co N L (CI) ). As we are interested in the small £o behavior only, most of the separators we consider arise from overlapping spheres, thus the two functions are equivalent [13] . We We have realized several different packings (from 1 000 up to 3 000 spheres) within cubes varying from 10 to 15 times the sphere diameter. In these packings we could calculate precisely the density from the radii of the spheres and coordinates of their centers. This initial value fluctuates between 0.590 and 0.605 as compared to the real density of a monosize sphere packing made with glass beads (around 0.62). The « sintering » process for these packings is obtained by a reduction by a factor related to q of all the coordinates of the spheres, while the radius is kept constant.
As everything can be known and calculated directly in numerical packings of spheres, these simulations are used mainly to test the validity of the above formulas in order to apply then later on in actual disordered packings obtained by different compaction procedures.
As said above, we restrict our study to q 0.134 (actually we have used q --0. 11). In spite of this restriction, the compacity may be very important ; for example in the HCP case, at q = 0. 11, the porosity is less than 10 These results can permit us to study the disordered packings with the same assumption : the value of W equal to zero is always related to a contact between two spheres and the number of nearest neighbours is small for W near zero.
In figure 5 , we have plotted NL(W)INL and N*(w)IN for ri = 0.05, for a disordered packing ; we see that the 2 curves behave in the same way at small w confirming the previous approach. In figure 6 , we have plotted z(7y) as a function of q which is no longer a constant Fig. 3 . Plot of the slope at the origin as a function of the sintering ratio 7y for several types of ordered packings (SC, BCC, FCC, HCP). and grows from 6 to approximately 9. This is in agreement with the value 8 for the coordination number found by Bernal and Mason [6] when using painting at the contact points and which includes near contacts within a relative distance of 5 close respectively to to = sin-x and a o (with : cos 0 tan a 0 = d / f), and that d2 + f 2 cos2 0 is close to R2 cos2 8 (1 -x2). Up to the first order, the coordinates of the intersections with the 2 spheres are given by ( i = 1, 2 ) whence the separator with D( ± ) = cos 8 cos t o + sin B sin to sin a o, the upper sign in all the above formulas corresponding to rI. The condition e --w gives the part within an ellipse close to the initial one (see Fig. 8 where Rv(r) = ne 5 ( r -2 R ) + Ri{S(r). For ordered arrays, Ryes(r) = 0 when r -2 R J2 and we recover the expressions (3a) and (3b). For 17 small and disordered arrays, they still hold up to the second order.
